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EXPERIMENTAL FACILITIES DEVELOPMENT 
F a c i l i t i e s  i n  Operation 
Scattering Chambers 
The e l e c t r o n i c  cont ro l / readout  system f o r  remote 
angular  pos i t ioning  of t h e  de t ec to r  platforms i n  t h e  
general-purpose 64" s c a t t e r i n g  chamber f a i l e d  s eve ra l  
times during t h e  pas t  year and has  become genera l ly  
un re l i ab l e .  Repair and maintenance of t he  system 
is hampered by i t s  age and use of non-standard com- 
ponents. A new motor c o n t r o l / d i g i t a l  encoder readout 
system was, t he re fo re ,  designed around standard i n t e r -  
face  modules employed genera l ly  throughout t h e  acce l -  
e r a t o r  con t ro l s  system. A dedicated microprocessor 
w i l l  handle a l l  l o g i c  funct ions  and pos i t ioning/  
monitoring/ i n t e r lock ing  t a sks  and permit convenient 
i n t e r f a c i n g  wi th  t h e  experimenter 's  d a t a  acqu i s i t i on  
computers i n  t h e  fu tu re .  New s tepping  motors, abso- 
l u t e  o p t i c a l  shaft-angle encoders and o the r  hardware 
items have been acquired o r  ordered. Assembly and 
i n s t a l l a t i o n  of t he  new system is expected t o  proceed 
during the  summer of 1979. 
The o i l - f r ee  vacuum roughing system f o r  t h e  64" 
chamber described i n  t he  1976 IUCF Technical and 
S c i e n t i f i c  Report a l s o  was plagued wi th  s u f f i c i e n t l y  
frequent  and se r ious  problems t o  r equ i r e  replacement. 
The new roughing system, s i m i l a r  in concept to the 
o r i g i n a l  one, is a Varian '%legasorb" roughing module 
purchased i n  t he  f a l l  of 1978 and scheduled f o r  in-  
s t a l l a t i o n  i n  e a r l y  1979. This system, which inc ludes  
a 14.5 cfm carbon vane pump and a 2-stage so rp t ion  
pump with 42 l b s .  of molecular s i eve  (1.7 mi l l i on  
t o r r - l i t e r s  capaci ty)  wi th  automatic va lv ing  and 
bakeout con t ro l s ,  should al low f a s t e r  cyc l ing  of t h e  
chamber and more r e l i a b l e  and accident-proof opera t ion  
by experimenters. 
I n  t h e  In-Beam fy-ray Area two d i f f e r e n t  aluminum 
t a r g e t  chambers a r e  i n  use. The f i r s t  chamber, r e l a -  
t i v e l y  heavy-walled, accommodates up t o  f i v e  t a r g e t s  
mounted on a v e r t i c a l l y  movable t a r g e t  ladder  whose 
height  and angle  with respect  t o  the  beam a x i s  can be 
con t ro l l ed  remotely. The second chamber is  thin-  
walled (0.8 mm wa l l  th ickness) :  two t a r g e t s  and a 
s c i n t i l l a t o r  viewer can be pos i t ioned manually i n s i d e  
t he  chamber. The de t ec to r  support  t a b l e  f a c i l i t a t e s  
placement of l a r g e  Ge (Li)  de t ec to r s  a t  angles  ranging 
from 200 t o  1600 wi th  respect  t o  t he  beam d i r ec t ion .  
Such a set-up is  i l l u s t r a t e d  i n  Fig. 8. Adequate 
space f o r  t h e  necessary sh i e ld ing  i s  provided. 
Figure 8. Set-up for in-beam y-ray measurements s h d n g  
Low-mass beam tube and target assembly, a pair o f  
intrinsic-& detector cryostats (rear) and two G e ( L i )  
systems (fnont) . 
Isotope Production Area and Off-Line Radiochemis- 
t r y  and Decay Spectroscopy Laboratory 
The i so tope  production a r e a  is present ly  used 
f o r  a v a r i e t y  of experiments wi th  h igh- in tens i ty  beams 
using both charged p a r t i c l e s  and high-energy secondary 
neutrons.  The t a r g e t  s t a t i o n s  loca ted  along t h e  beam 
l i n e  can accommodate a number of experiments, o f t en  
p a r a s i t i c a l l y .  They a re :  (a)  a He-jet te rminal ,  
(b) a so l id - t a rge t  charged-part icle i r r a d i a t i o n  fa-  
c i l i t y ,  (c )  an automatic beam degrader,  (d) a general-  
purpose s t a t i o n ,  and (e) a stopped beam, high-energy 
neutron f a c i l i t y .  The charged p a r t i c l e  and neutron 
t a r g e t s  a r e  t ranspor ted  from t h e  i so tope  production 
room t o  t h e  chemistry t r a i l e r  using a pneumatic rapid  
t r anspor t  system. 
Typical  a c t i v a t i o n  s t u d i e s  making use of t he se  
f a c i l i t i e s  a r e  t h e  pion production experiments, ex- 
c i t a t i o n  funct ions  of s e v e r a l  i so topes  of medical 
i n t e r e s t ,  sources f o r  MZjssbauer s t u d i e s ,  7 ~ i  (p,n) 7 ~ i  
a c t i v a t i o n  and ( 6 ~ i  ,xnyp) r eac t ion  s tud ie s .  I n  addi- 
t i o n ,  a s p e c i a l  rad io iodine  (123) i so tope  production 
f a c i l i t y  which a t t a c h e s  conveniently t o  t h e  beam l i n e  
has  been i n  use. 
The radiochemistry t r a i l e r  is complete with fume 
hood, water ,  s i nk ,  vacuum and chemical supp l i e s  f o r  
use i n  experiments. The spectroscopy t r a i l e r  w i l l  
soon be used f o r  a l l  o f f - l i ne  a-B- o r  y-ray counting. 
A t  p resent  a Canberra 8180 analyzer  and var ious  G e  
(Li) de t ec to r s ,  a KEVEX x-ray de t ec to r  and o ther  
experimental conf igura t ions  a r e  being used. 
Target Laboratoq 
During 1978, t h e  t a r g e t  l a b  supplied about 90% 
of t h e  t a r g e t s  used a t  IUCF. Among t h e  t a r g e t s  pre- 
pared were: L i ,  LiOH, ~ O B ,  12c, 13c, 2 4 ~ g ,  Nat~i,  
4 0 ~ a ,  6 4 ~ n ,  9 4 ~ 0 ,  1 5 4 ~ m ,  1 5 9 ~ b ,  1 7 2 ~ b ,  1 7 5 ~ u ,  1 7 8 ~ f ,  
2 0 8 ~ b  wi th  very low oxygen content ,  and deple ted  U. 
The most notable  improvements i n  t he  l a b  were those  
which increased  its a b i l i t y  t o  handle a i r - s e n s i t i v e  
ma te r i a l s .  The glove box has  been e n t i r e l y  resea led;  
t h e  a i r l o c k  is now rou t ine ly  vacuum evacuated; and the  
argon used t o  provide the  pos i t ive-pressure  atmosphere 
w i th in  is  now 0.5 ppm O2 l e v e l .  I n  add i t i on ,  an o i l -  
dr iven  r o t a r y  ac tua to r  has  been coupled t o  t he  r o l l i n g  
m i l l  w i th in  t h e  glove box. A second glove box wi th  a 
closed-loop argon p u r i f i c a t i o n  system w i l l  be  purchased 
f o r  t he  l a b  i n  1979. 
MuZtiwire Proportional Chamber Development 
As t h e  beam i n t e n s i t y  has  increased  a t  IUCF, t h e  
present  h e l i c a l  de t ec to r  on the  QDDM spectrograph 1 )  
has become awkward t o  use. The long delay i n  t h e  
h e l i x  (approximately 2 u s )  can cause acc iden ta l  posi- 
t i o n  measurement e r r o r s  a t  high r a t e s ,  and t h e  de t ec to r  
cannot t o l e r a t e  t he  increased  p a r t i c l e  r a t e  of i nc i -  
dence. The beam i n t e n s i t y  which t h e  h e l i c a l  d e t e c t o r  
can t o l e r a t e  v a r i e s  widely wi th  t a r g e t  composition 
and th ickness ,  spectrograph pos i t i on ,  and with t h e  
Faraday cup used ( i .e . ,  i n t e r n a l  o r  e x t e r n a l  t o  t he  
t a r g e t  chamber); genera l  e s t ima te s  a r e  50 nA with  t h e  
i n t e r n a l  cup, 200 nA w i t h  the external cup. 
The p lan  t o  overcome t h i s  problem c a l l s  f o r  con- 
s t r u c t i o n  of  pos i t ion-sens i t ive  d e t e c t o r s  which can 
t o l e r a t e  t h e  h igher  background r a t e s .  Two such detec- 
t i o n  chambers a r e  p re sen t ly  i n  development. 
The f i r s t  is a " v e r t i c a l  d r i f t  chamber ,"2) a de- 
t e c t o r  now i n  use a t  t h e  M1~1Bates labora tory .  Severa l  
f e a t u r e s  recommend it:  (a)  This de t ec to r  should 
t o l e r a t e  background r a t e s  up t o  s i x  t i m e s  h igher  than 
those  t h e  present  h e l i c a l  d e t e c t o r s  can t o l e r a t e .  
(b) Its pos i t i on  r e so lu t ion  equals  o r  exceeds t h a t  
of t h e  h e l i c a l  de t ec to r .  ( c )  Since a v e r t i c a l  d r i f t  
chamber measures t h e  angle a t  which t h e  p a r t i c l e  
crosses  t h e  de t ec to r ,  it i s  an i d e a l  ray  t r a c e r ,  
which t h e  QQSP pion spectrograph3) requi res .  (d) It 
has  been reported4) t h a t  a v e r t i c a l  d r i f t  chamber 
has operated f o r  30,000 h r s .  without  a major break- 
down. Other types of pos i t ion-sens i t ive  wire de- 
t e c t o r s  a r e  less durable.  Two o r  t h r e e  of t he se  
would be necessary a s  backup u n i t s  i n  case  of break- 
down. These advantages make t h e  v e r t i c a l  d r i f t  
chamber t he  prefer red  de t ec to r  f o r  t he  QQSP spec- 
trograph.  
One drawback of t h e  v e r t i c a l  d r i f t  chamber is,  
however, t h e  computer time requi red  t o  analyze each 
da t a  poin t .2)  It is  f o r  use i n  experiments where 
both high d a t a  r a t e s  and high background r a t e s  a r e  
encountered t h a t  t h e  second de t ec t ion  chamber, a 
mult iwire propor t ional  counter ,  is being developed. 
This second chamber w i l l  have 2 mrn w i r e  spacing and 
indiv idual  wire readout. The expected r e so lu t ion  
of 2 mrn ( s e t  by t h e  wire  spacing) i s  adequate f o r  
most experiments p re sen t ly  being run. The background 
r a t e  c a p a b i l i t i e s  of t h i s  de t ec to r  a r e  more than 
adequate f o r  any an t i c ipa t ed  background r ad i a t i on  
a t  IUCF . 
Ei the r  of t h e  above de t ec to r s  can e a s i l y  be 
adjus ted  t o  s ee  only a por t ion  of t h e  f o c a l  plane.  
4, 
Hence, experiments which produce low da t a  r a t e s  on 
one por t ion  of t he  foca l  plane and high background 
r a t e s  on another unused po r t i on  w i l l  be much s impler  
t o  run. 
The f i r s t  prototype of t he  v e r t i c a l  d r i f t  chamber 
i s  under cons t ruc t ion .  It w i l l  mount on t h e  QDDM i n  
t he  exact  l oca t ion  p re sen t ly  occupied by t h e  h e l i c a l  
de t ec to r .  Af ter  bench t e s t s  and t e s t s  on t h e  QDDM, 
a second, r e f ined  vers ion  w i l l  be designed f o r  mount- 
i n g  on t h e  QQSP. Construction of t h e  second vers ion  
should be completed by the  t i m e  t h e  QQSP is ready 
f o r  use. 
The mult iwire propor t ional  counter  is i n  an e a r l y  
s t age  of design;  i t  should be ready f o r  t e s t s  ' in  f a l l  
1979. 
IUCF Techn. and Scient .  Report 1976, p. 22. 
W. Ber tozz i ,  M.V. Hynes, C.P. Sargent ,  C. 
Creswell, P.C. Dunn, A, Hirch, M. Le i tch ,  
B. Norum, F.N. Rad, and T. Sasanuma, Nucl. 
I n s t r .  and Meth. 141, 457 (1977). 
IUCF Techn. and Scient .  Report 1977, p. 23; 
s ee  a l s o  present  r epo r t ,  p .158  
M.V. Hynes, Dept. of Physics and Lab. f o r  Nucl. 
Sc i . ,  MIT, Cambridge, Mass., p r i v a t e  communica- 
t ion .  
Hyper-Pwe G e m i w n  Detector TeZescope System 
Development of t h e  hyper-pure germanium de t ec to r s  
f o r  use i n  medium-energy p a r t i c l e  de t ec to r  te lescopes  
was pursued i n  1978 i n  s eve ra l  d i r ec t ions .  This pro- 
gram is  a co l l abo ra t ive  e f f o r t  between D r .  Richard 
Pehl  of t h e  Lawrence Berkeley Laboratory and IUCF, 
and has r e su l t ed  i n  t he  successfu l  use of these  de- 
t e c t o r s  i n  s eve ra l  experimental programs. The develop- 
ment e f f o r t s  were d i r ec t ed  towards improving both t h e  
v e r s a t i l i t y  of t h e  c r y o s t a t s  t o  meet varying experi- 
mental demands, and t h e  r e l i a b i l i t y  of t he  de t ec to r s  
themselves when used i n  our environment. The philo- 
sophy is t o  use t hese  de t ec to r s  i n  a manner s i m i l a r  
t o  s i l i c o n  su r f ace  b a r r i e r  de t ec to r s ,  with a l l  t he  
v e r s a t i l i t y  and convenience t h i s  impl ies ,  both i n  
s to rage  and i n  use. 
The de t ec to r  te lescope  c r y o s t a t s ,  described pre- 
v ious ly  i n  t h e  1977 IUCF Techn. and s c i e n t .  Report, 
were cons t ruc ted  f o r  use i n  t h e  general-purpose 64" 
s c a t t e r i n g  chamber. They were designed, however, wi th  
support  systems which provide vacuum pumping and cool- 
i ng  t o  LN temperatures independently of t he  64" sca t -  
t e r i n g  chamber, thus  al lowing them t o  be used outs ide  
t h e  chamber i f  des i red  (see  Fig. 8 f o r  example of such 
made t o  al low placement of two te lescopes  a t  smal ler  
angles r e l a t i v e  t o  one another and t o  al low t h e i r  
placement c l o s e r  t o  t h e  t a r g e t  when used i n  t he  s ca t -  
t e r i n g  chamber. This was done by extending the  cold  
f i nge r  and vacuum housing t o  t h e  edge of t h e  c ryos t a t  
LN dewar and providing f o r  e i t h e r  a x i a l  o r  t r ansve r se  
mounting of t h e  de t ec to r s  on the  cold f i n g e r s ,  a s  
shown i n  panels  1 A  and 1B of Fig. 9. In  t he  t rans-  
verse  mode, a te lescope  can be mounted on each arm 
of t h e  64" s c a t t e r i n g  chamber on e i t h e r  s i d e  of t h e  
inc ident  beam cen te r  l i n e  with a minimum separa t ion  
angle  of lo0.  Hence, both te lescopes  can simulta- 
neously be placed a t  a minimum s c a t t e r i n g  angle of 5O. 
This s e tup ,  shown i n  panel  2A of Fig. 9 ,  is  d e s i r a b l e  
e spec i a l l y  f o r  making polar ized  beam asymmetry mea- 
surements. I n  t h e  a x i a l  mode, shown i n  panel  2B of 
Fig. 9,  t he  minimum sepa ra t ion  angle between te lescopes  
is about 30°, al though the  minimum usable  s c a t t e r i n g  
angle f o r  any one te lescope  is s t i l l  50. I n  e i t h e r  
mode, t he  use of s i l i c o n  su r f ace  b a r r i e r  AE de t ec to r s ,  
mounted ex t e rna l ly  on t h e  t e l e scope  housings, is  a 
bu i l t - i n  option.  A mount f o r  p lac ing  s i l i c o n  su r f ace  
b a r r i e r  AE d e t e c t o r s  i n  f r o n t  of t h e  germanium de- 
t e c t o r s  i n s i d e  t h e  c r y o s t a t s  is cu r r en t ly  being de- 
signed.  
Development work on the  hyper-pure germanium 
de t ec to r s  themselves has been aimed towards providing 
a l a r g e r  v a r i e t y  of de t ec to r s ,  understanding t h e i r  
operat ing l i m i t a t i o n s  and improving t h e i r  r e l i a b i l i t y  
when used a s  we requi re .  At our reques t ,  Pehl ' s  group 
has  successfu l ly  f ab r i ca t ed ,  i n  add i t i on  t o  t he  s tan-  
dard 1 0  mm deep de t ec to r s ,  both 15 nun and 1 mm deep 
i n t r i n s i c  germanium d e t e c t o r s  wi th  i on  implanted 
e l e c t r i c a l  con tac t s  on both sur faces .  The phosphorous 
ion-implanted nega t ive  con tac t ,  which r ep l aces  t h e  
r e l a t i v e l y  t h i c k  (Q 10 p) l i t h i u m  con tac t ,  has proven 
t o  be genera l ly  a s  rugged a s  t h e  usual  boron ion  i m -  
p lanted  su r f ace  under our  condi t ions  of temperature 
and vacuum cycling.  The t h i c k e r  de t ec to r s  a r e  needed 
t o  s t o p  higher-energy p a r t i c l e s  w i th  fewer de t ec to r s ,  
while t h e  t h i n  ones a r e  requi red  t o  r ep l ace  t he  sili- 
con AE de t ec to r s  t o  g ive  a l a r g e  energy range t o  t he  
te lescope  without  s a c r i f i c i n g  s o l i d  angle ( t he  l a r g e s t  
a r ea  a v a i l a b l e  f o r  s i l i c o n  su r f ace  b a r r i e r s  de t ec to r s  
is 150 m2, whereas a l l  of t h e  i n t r i n s i c  germanium 
de t ec to r s  have a 450 mm2 usable  a r e a ) .  For example, 
a te lescope  cons i s t i ng  of a 1 mm G e  de t ec to r  followed 
by 40 mm of t h i cke r  G e  d e t e c t o r s  w i l l  s t o p  and iden- 
t i f y  protons from 16 t o  138 MeV. Our experience wi th  
t h e  10  and 15  mm deep d e t e c t o r s  is d iscussed  l a t e r .  
The 1 mm de t ec to r s  have been f ab r i ca t ed  bu t  n o t  y e t  
used i n  t h e  te lescope .  
Improvement i n  de t ec to r  r e l i a b i l i t y ,  i . e . ,  in- 
c reas ing  de t ec to r  l i f e  t i m e ,  has  been a d i f f i c u l t  
problem. We do no t  always understand t h e  causes of 
de t ec to r  f a i l u re . "  Storage i n  a c l ean  des s i can t  j a r  
has  been succes s fu l  f o r  some de t ec to r s ,  bu t  n o t  f o r  
o the r s .  The f a i l u r e  r a t e s  vary considerably.  One 
de t ec to r  has  never f a i l e d  t o  hold b i a s  s i n c e  i ts  
de l ive ry  two years  ago, even a f t e r  having undergone 
many r a d i a t i o n  and annealing cyc l e s ,  whi le  another 
never r e a l l y  worked we l l  f o r  more than two o r  t h r ee  
temperature o r  vacuum cycles .  On t h e  average, de- 
t e c t o r s  l a s t  f o r  many runs before  a f a i l u r e  occurs 
which r equ i r e s  r e p a i r  by the  Berkeley group. A common 
f a i l u r e  mode is  charac ter ized  by very h igh  de t ec to r  
leakage current  when b i a s  is appl ied .  The usual  solu-  
t i o n  is  t o  warm t h e  de t ec to r  t o  room temperature under 
* ~ e t e c t o r  damage caused by obvious mistreatment 
such a s  overheating,  vacuum acc iden t s ,  o r  running t h e  
de t ec to r  i n t o  t h e  path of t h e  primary beam is  n o t  
included i n  t h i s  d iscuss ion .  
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Figure 9. Top panel: sections through the intrh&-l;e detector telescope cryostat assemblies for transverse 
and axial detector mounting. Bottom panel: plan view of cryostat arrangement i n  the scattegng chamber for 
transverse and &a2 configwrrtims. 
vacuum t o  c lean  of f  t h e  edge su r f aces  of t h e  de t ec to r .  
When t h i s  procedure proves unsuccessful ,  t h e  de t ec to r  
is returned t o  D r .  Pehl ,  where t h e  usual  r e p a i r  proce- 
dure has been t o  replace  t h e  boron contac t .  Whether 
t he  boron su r f ace  d e t e r i o r a t i o n  is ,  i n  f a c t ,  t h e  cause 
of t he  f a i l u r e  o r  t h e  r e s u l t  of some o the r  e f f e c t  of 
our use is  not  y e t  known. 
Much experience has  been gained i n  t h e  l a s t  year  
i n  t he  use  of t he se  de t ec to r s .  They have been employed 
i n  t he  de t ec t ion  of x-rays, pro tons ,  deuterons,  t r i t o n s  
and l i t h ium ions  i n  s eve ra l  experiments. Charged 
p a r t i c l e s  a r e  t h e  primary cause of r a d i a t i o n  damage: 
a charged p a r t i c l e  dose of l o 9  a t  IUCF energies  suf-  
f i c e s  t o  des t roy  t h e  r e so lu t ion  of a germanium t e l e -  
scope. Usually, t h e  f r o n t  de t ec to r  i n  t h e  te lescope  
s t ack  w i l l  show t h e  f i r s t  and most severe  s ign  of 
r ad i a t i on  damage. I f  t h e  source of t h e  damage were 
neutrons,  a l l  d e t e c t o r s  i n  t h e  s t a c k  would be equal ly  
damaged. The average use fu l  l i f e  of a te lescope  wi th  
a 50 nA beam of 140 MeV protons i nc iden t  on a t h i n  
(of order  10  mg/cm2) t a r g e t  is about t h r e e  days, t h e  
time it t akes  t o  complete a t y p i c a l  i n e l a s t i c  sca t -  
t e r i n g  experiment. Recovery of t he  r e so lu t ion  of 
t he se  d e t e c t o r s  by annealing a t  1400C f o r  20 hours 
has  repai red  t h e  damage i n  a l l  cases  where t h i s  pro- 
cedure has  been attempted. The de t ec to r  c r y o s t a t s  
a r e  equipped wi th  hea t ing  elements and temperature 
readouts and con t ro l s  so  t h a t  annealing can be done 
i n  p lace  i n s i d e  t h e  64" s c a t t e r i n g  chamber. 
Many experiments use  t h e  i n t r i n s i c  germanium 
de t ec to r s  a s  a s topping de t ec to r  i n  a te lescope  em- 
ploying s i l i c o n  su r f ace  b a r r i e r  AE de t ec to r s .  A 
good example of t h i s  is an experiment by G.M. Crawley 
and collaborators1) where t he  (p,d) and (p , t )  r eac t ions  
on s e v e r a l  n u c l e i  were s tudied  us ing  90 MeV inc iden t  
protons.  The te lescope  cons is ted  of a 2 mm s i l i c o n  
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Figure 10. Deuteron spectrum for the 8 ~ i  (p,d) reac- 
t ion  a t  89 MeV obtained with the intr insic-@ detector 
telescope (200 keV E'WHM resolution).  
AE de tec to r  followed by. a 10  mm t h i c k  germanium E 
de t ec to r .  The spectrum shown i n  Figure 10  is f o r  
t he  8 ~ i  (p,  d) r e a c t  i ons  a t  30°. The observed 
experimental r e so lu t ion  (190 keV) was l a r g e r  than 
t h e  minimum expected r e so lu t ion  (140 keV) due t o  
kinematics,  t a r g e t  th ickness  and beam energy r e so lu t ion  
e f f e c t s ;  t h e  poorer  r e so lu t ion  i n  t h i s  case  was 
t r aced  t o  preampl i f ie r  s a t u r a t i o n  a t  h igh  count r a t e s .  
Perhaps t h e  experiment which b e s t  demonstrates 
t he  u t i l i t y  of these  de t ec to r s  a t  IUCF ene rg i e s  is  
t h e  i n e l a s t i c  s c a t t e r i n g  experiment of P.P. Singh 
et  a1. ,2) i n  which a te lescope  cons i s t i ng  of two 15 mm 
--
deep germanium detectors was used to stop up to 115 
MeV protons. This was the first attempt to use one 
of the new phosphorous-backed, transmission-mounted 
germanium detectors as a AE detector in our labora- 
tory. A typical spectrum for the scattering of 115 
MeV protons from 2 8 ~ i  at a 34O lab angle is 
in Figure 11. Preamplifier gains were reduced to 
eliminate the saturation problem previously mentioned. 
The observed spectral resolution of 180 keV was very 
near the minimum expected experimental resolution of 
150 keV. 
The versatility as well as the difficulties of 
using these detectors have been demonstrated during 
the past year. Work is continuing to improve and 
simplify their use in this laboratory. The problem 
of reliability will be partially solved by having a 
larger number of these detectors on hand, so that 
the failure of any one detector will not prevent an 
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Figure 11. Excitation spectrum for ineZastic proton 
scattering from 2 8 ~ i  at  115 MeV measured with the 
intrinsic-& detector system (1 80 keV FWHM resotution) . 
experiment from continuing. Our present stock con- 
sists of two 15 mm and two 10 mm thick detectors. 
We expect during 1979 to increase that number to 
four 15 mm, four 10 mm, two 5 mm and two 1 mm thick 
detectors. These detectors will be available to any 
user of the facility, although prior notification 
of their intended use is recommended. 
1) G. M. Crawley et al., this report, p.71 
2) P.P. Singh et al., this report, p.39 
Future Facilities 
Beam Swinger Faci Zity 
Work on the beam swinger facility1) for neutron 
time-of-flight measurements has progressed to the 
stage in which all three magnets are in position 
at the northwest end of the high-bay area (Fig. 12) 
and mechanical installation of beam, line components 
is being completed. Remaining to be done to com- 
plete installation with one hut on the 00 to 260 
line at 30 to 70 meters is completion of the beam 
dump, fabrication and installation of the Faraday 
cup, installation of beam line controls, extension 
of the radiation interlock system, and installation 
of power and signal cables to the hut stations. 
This work is expected to be finished in mid-February 
1979, with beam tests and first data runs on the 
facility to be carried out in late February. In 
preparation for use of the swinger system, the float- 
ing wire technique was used to determine proper 
operating conditions for the entrance (magnet 1) 
and swinger (magnet 2) magnets. These conditions 
can be parametrized in terms of the radii of curva- 
ture, p1 and p2, of the two magnets as function of 
the scattering angle 8 .  Thus, to set the system 
for a given angle for particles of a given Bp 
